The isotope effect has been measured for (NH4)H2P 0 4. Expansion of the crystal lattice takes place on substituting deuterium for hydrogen. The ex pansion is in the direction of the hydrogen bonds, and is of the same magni tude as in the isomorphous K H 2P 0 4. A contraction of the lattice at right angles to the plane containing the hydrogen bonds is considerably larger for (NH4)H2P 0 4 than for K H 2P 0 4. From an application of the calculus of errors, the accuracy of the results is estimated to be axl = + 0 00269 ± 0-00006, a 33 = -<3-00123 ± 0-00009.
In acid phosphates of the general formulae MH2P 0 4 and M2H P 0 4, it is possible to make comparatively small perturbations in the structure of crystals, both by varying the positive ion, and by substituting deuterium for hydrogen. As was described in previous publications, one effect of sub stituting deuterium for hydrogen in K H 2P 0 4 is that the acid phosphate crystallizes spontaneously from solution in a new form (Ubbelohde and Woodward 1939; Ubbelohde 19396 ). The tetragonal form o f K D 2P 0 4 could only be obtained by special nucleation, and when compared with the tetra gonal form of KH2P 0 4 it showed an expansion of the crystal lattice in the direction of the deuterium bonds.
Experiments described in the present paper were carried out to obtain fresh information on the role of hydrogen bonds in determining the structure of acid phosphates. Preliminary information on the structure of the mono clinic form of KD2P 0 4 includes studies of intensities of X-ray reflexions, of pyro-electric properties, and of the curious streaks in moving-film X-ray photographs of single crystals. Further light on the occurrence of the mono clinic form of KD2P 0 4 was also obtained from experiments on the structure and isotope effects of (NH4)H2P 0 4. Attempts to obtain the monoclinic forms of (ND4)D2P 0 4 and of KH2P 0 4 were unsuccessful. The main conclusion from all these experiments is that in the acid phosphates the hydrogen bonds must make a contribution to the lattice structure such that quite different arrangements of atoms can have much the same stability and lattice freeenergy. This may have an important bearing on the thermodynamical properties of the crystals.
The isotope effect for (NH4)H2P 0 4
The monoclinic form of (ND4)D2P 0 4. It was shown by Hassel (1925; cf. Wyckoff 1931) that (NH4)H2P 0 4 is isomorphous with KH 2P 0 4, and crystallizes in the tetragonal sphenoidal system, space group -a -b = 7-53 A, c -7-54 A, with four molecules to the unit cell. If (ND4)D2P 0 4 showed a behaviour similar to KD2P 0 4, and could be crystal lized in both tetragonal and monoclinic forms, much information about the structure could be obtained by comparing intensities of X-ray reflexions in isomorphous potassium and ammonium salts. To test this possibility, (ND4)D2P 0 4 was prepared by repeated crystallization of (NH4)H2P 0 4 of analytical purity from D20 . The final crystallizations were made from 99-6 % D20 , so as to leave approximately this proportion of deuterium atoms in the product.
In contrast with the behaviour of KD2P 0 4, it was found that in all spon taneous crystallizations of (ND4)D2P 0 4 from supersaturated solutions of varying concentration, only tetragonal crystals were obtained. A further attempt to obtain a monoclinic form of the ammonium salt was made by dropping freshly prepared nuclei of monoclinic K D2P 0 4 into supersaturated solutions of (ND4)D2P 0 4 in 99-6% D20 . The crystals obtained could frequently be identified by their external habit, but in doubtful cases the crystal form was identified by taking X-ray rotation photographs. Only the tetragonal form was found. Even the small crystallites adhering firmly to the needle of monoclinic K D2P 0 4 were found to be tetragonal crystals of (ND4)D2P 0 4, on examination with a low-power microscope. Preferred directions of growth of these crystallites, relative to the nucleating crystal, were evident on visual inspection, but could not be established with great precision. The c axis of the growths made an angle of about 20° with the (001) plane of the nucleating crystal.
The conclusion from these nucleation experiments is that (ND4)D2P 0 4 shows far less tendency to crystallize in a monoclinic form than K D2P 0 4. The failure to obtain the ammonium crystals in a monoclinic form makes investigations of the structure of the potassium salt much more difficult.
The tetragonal form of (ND4)D2P 0 4. Lattice spacings of the deuterium and hydrogen compounds were compared using a multiple exposure X-ray spectrometer (Ubbelohde 1939a) . To minimize errors due to absorption, all the crystals used were of similar size and shape. Oscillation and some rotation photographs were taken with crystals mounted for both a and c axes, and unfiltered Cu K radiation from a gas tube was used so as to give /? as well as cc reflexions.
In a tetragonal crystal, the axes of the expansion ellipsoid coincide with the crystal axes, and are equal in the direction of the a and b axes. The expansion a' along a plane normally inclined at an angle £ to the c axis is given by the simple expression In addition to using the tests previously described (Ubbelohde 19396), the chemical identity of the crystals was verified from direct phosphate analyses on a semi-micro scale, using single crystals whose monoclinic structure was previously established by X-ray rotation photographs. An average content of P20 5 found for the monoclinic crystals of K D2P 0 4 was 51*47 % (theory 51*64 %). Together with the molecular weight determina tion from the X-ray data, this evidence excludes any simple acid salt other than KD2P 0 4, and is probably as definite as can be obtained with com paratively small amounts of material. The fact that repeated crystallization from pure 99*6 % D aO gave the same salt as crystallization from the original mother liquors is a further argument against any acid salt of composition other than K D2P 0 4. One or two tetragonal crystals were occasionally found amongst the mass of monoclinic crystals of K D 2P 0 4 which separate from supersaturated solutions.
In order to minimize the effects of slow reversion to the tetragonal form (see below) X-ray studies were usually carried out with crystals separated from solution shortly before exposure.
The crystal axes as determined by rotation photographs were found to be (cf. 
R eversion op monoclinic to tetragonal crystals
When finely powdered, the monoclinic form appears to revert to the tetragonal form of KD2P 0 4 within a few days. For larger crystals, reversion is slower. One specimen, with a, b, c approximately 0-6, 1-0, 2-4 mm., has been investigated with fixed and moving-film rotation photographs during a period of 14 months. Whilst there has been a growth of powder rings, and of splitting into small crystallites, the reflexions characteristic of the original crystal still persist. Certain reflexions, such as the (102), remain undivided and well defined during the change, whereas reflexions such as that corre sponding to (200) show that splitting into crystallites takes place in preferred directions, in this instance with rotation about the 6 axis. The persistence of some small spacing planes is noteworthy, such as (702) and (604). Further more, inspection of another monoclinic crystal after 10 months exposure to the atmosphere, on a Hutchinson goniometer, showed that after this interval there was much diffuseness in the reflexion from the (100), but not from the (010) face. These and similar observations show that although a partial rearrangement of the atoms slowly takes place in the monoclinic crystals, the increased stability does not appear to be sufficient to lead to a very radical break up of the original structure.
Diffuse reflexions from freshly prepared MONOCLINIC CRYSTALS
A remarkable feature of moving-film photographs of crystals of KD2P 0 4, even when freshly separated from solution, is the occurrence of diffuse re flexion streaks, whose intensity is comparable with that of the sharp reflexions (cf. figure 3, plate 43). To verify that these were not due to white radiation from the gas tube used (filtered Cu Koc radiation), a standard crystal of oxalic acid dihydrate was mounted on the second spindle of a two-crystal moving-film spectrometer (Robertson 1934). Although the sharp reflexions from the oxalic acid were much more intense than those from the KD2P 0 4 exposed at the same time, there were practically no streaks connected with them. This showed that the phenomenon was not primarily connected with white radiation from the tube.
The streaks in KD2P 0 4 also showed characteristic differences for rotations about the three axes. 
D iscussion
The main conclusions from the experiments are as follows:
(1) In (NH4)H2P 0 4 the replacement of H by D leads to an expansion of the crystal, at right angles to the c axis.
Assuming that the hydrogen bonds lie nearly parallel to the (001) plane, as in the isomorphous K H 2P 0 4, this implies that the hydrogen bonds expand on substituting deuterium. Within the experimental error, the expansion is the same as in K H 2P 0 4, though the contraction at right angles is some three times as large in the ammonium salts.
B y applying the calculus of errors, a comparatively high accuracy can be attained in the measurement of isotope effects.
(2) No definitive attempt can yet be made at calculating the detailed structure of monoclinic K D 2P 0 4. This is partly due to lack of isomorphous salts, and partly to the streaks or diffuse reflexions which are a prominent feature in moving-film X-ray photographs of this salt. The high absorption coefficient (p = 147 per cm. for A = 1*54) imposed a further limitation on estimates of the absolute intensities of reflexion from single crystals. It may be noted that after assuming a model of the phosphate group, there are still 32 parameters to be adjusted in proposing a trial structure.
Tentative conclusions can, however, be drawn about the positions of the potassium atoms, since these are the dominating factors governing the intensity of the large spacing planes. The strength and uniformity of the (OfcO) series, when k is even, suggests that the potassium atoms lie near to planes parallel to (010), and a distance \b apart. Inspection of the axial series, and the (hkO) projection, suggests that the projections of the potas sium atoms are displaced from the corners of rectangles, with edges fa, fc. The distance between adjacent potassium atoms is of the order 3*7 A.
(3) A comparison of (NH4)H2P 0 4 with K H 2P 0 4 suggests that the ammonium ion may have only a tetrahedral symmetry at the temperature investigated. This suggestion is of some interest in view of possible rotational transitions in the phosphates (cf. Annual Reports 1940). Thermal investiga tions are being carried out on these crystals, but in the meantime a brief summary may be given of the structural evidence.
From a detailed study of the structure of K H 2P 0 4 (West 1930), it was concluded that the phosphate ion probably exhibited a slight distortion from tetrahedral symmetry. Each potassium atom was found to be sur rounded by eight oxygen atoms, four at a distance of 2*79 A and four at a distance of 2*81 A. The shortest distance between oxygen atoms on neigh bouring phosphate groups (i.e. the length of the hydrogen bond) was found to be 2-54 A. An alternative structure, with phosphate groups showing complete tetrahedral symmetry, was not in such good agreement with the experimental results. In this structure, the K-O distances were 2*82 A, and the length of the hydrogen bond 2-48 A.
When either of these phosphate groups is inserted into the lattice of (NH4)H2P 0 4, placing the phosphorus and nitrogen atoms at positions corresponding with phosphorus and potassium atoms in KH2P 0 4, the following results are calculated: Unlike the potassium ion, which is surrounded by eight oxygen atoms at practically equal distances, it will be seen that the ammonium ion appears to behave like a sphere deformed by tetrahedral bulges. Some uncertainty attaches to calculations of the greatest and least radii of this deformed sphere, but the difference of radii is estimated to lie between 0* 15 and 0*24 A. The only way to avoid the conclusion that the ammonium ion behaves in this way is to equalize the (NH4)-O distances, and this would involve a phosphate ion even more distorted than in West's model, and also an elonga tion of the hydrogen bond. From the close agreement in the magnitude of the isotope effect in the potassium and ammonium salts any great difference in the length of the hydrogen bond is unlikely.
The fact that the ammonium salt shows a markedly bigger contraction (cf. figure 2) 
Isotope effects in acid phosphat

